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It has been hypothesized that high fluid intake may reduce contact time between carcinogens and bladder epithelium and consequently reduce carcinogenesis. Epidemiologic studies examining fluid intake and bladder cancer have been extremely inconsistent, ranging from strong inverse to strong positive associations. The authors reevaluated the association between fluid intake and bladder cancer among 47,909 participants in the prospective Health Professionals Follow-up Study over a period of 22 years. During follow-up , 823 incident bladder cancer cases were diagnosed. Information on fluid intake was collected by using the food frequency questionnaire at baseline and every 4 years thereafter. Cox proportional hazard regression analysis was used to adjust for risk factors for bladder cancer. Total fluid intake was inversely associated with bladder cancer when the analysis was based on the baseline diet (relative risk ¼ 0.76, 95% confidence interval: 0.60, 0.97), comparing the highest total daily fluid intake quintile (>2,531 mL/day) with the lowest quintile (<1,290 mL/day) (P trend ¼ 0.01). However, no association was detected when the analysis was based on recent diet or cumulative updated diet. The updated analysis for total fluid intake and bladder cancer was attenuated compared with the original findings from the first 10-year follow-up period. bladder cancer; cohort studies; diet; fluid intake; urinary bladder neoplasms; water Abbreviations: BPH, benign prostatic hyperplasia; CI, confidence interval; HPFS, Health Professionals Follow-up Study; RR, relative risk.
Bladder cancer is the ninth most common cancer (1) . Approximately 386,000 new cases of bladder cancer were diagnosed worldwide in 2008 (2) . Among these, about 77% were men (2) . The age-adjusted annual incidence rate was 37.2 per 100,000 among men and 9.2 per 100,000 among women in the United States from 2003 to 2007 (3) . Cigarette smoking is the most important risk factor of bladder cancer, which has been estimated to account for about 50% of cases (4) . Specific occupational exposures are also well-established risk factors of bladder cancer (5) ; it is estimated that 5%-25% of the bladder cancer cases are associated with exposure to occupational carcinogens, such as b-naphthylamine, 4-aminobiphenyl, and benzidine (6) . Numerous studies have examined the association of diet with bladder cancer. Results suggest that meat consumption may increase the risk, while intake of fruits and vegetables may decrease the risk (7, 8) .
It has been hypothesized that increase in fluid intake could reduce the time that potential carcinogens stay in the bladder and consequently decrease carcinogenesis (9) (10) (11) . High total fluid intake was associated with a significantly decreased risk of bladder cancer among men in a prospective 10-year follow-up study (12) . Several other studies, both prospective and case-control, examined the association (13) (14) (15) (16) (17) (18) . Among them, 2 studies support an inverse association between total fluid intake and bladder cancer (13, 14) . A positive association with fluid intake and bladder cancer was observed in a study of men (15) . Several other studies did not observe associations (16) (17) (18) (19) . In addition, different types of beverages may have different effects on bladder cancer. Heavy coffee consumption may relate to a moderately higher risk of bladder cancer (20, 21) . Most data do not support the association for alcohol intake and bladder cancer (21) .
The purpose of this study was to reexamine the association between total fluid intake, as well as specific beverages, and bladder cancer in the extended prospective Health Professionals Follow-up Study (HPFS) with an additional 12 years of follow-up and 482 new incident cases.
MATERIALS AND METHODS

Study population
The HPFS started in 1986 in the United States, when 51,529 male health professionals, including podiatrists, dentists, veterinarians, optometrists, osteopaths, and pharmacists, aged 40-75 years, were recruited. All participants completed a questionnaire in 1986 to provide data on medical history, medication, lifestyle, and diet. A total of 47,909 men, mostly white without exclusion on race, composed our study population. We excluded 2,006 men who had been diagnosed with cancer (not including nonmelanoma skin cancer) before 1986, 1,596 men who reported either extremely high or low scores for daily calorie intake (outside the range of 800-4,200 kcal) or left more than 70 items blank on the baseline dietary questionnaire, and 18 men who did not report their dates of birth. The follow-up rate was greater than 95% of the total possible person-years. Deaths of participants are often reported by family members or by the postal service in response to our questionnaires. In addition, we search the National Death Index to determine which participants died every 2 years. All the remaining participants were considered to be alive and remained in the study.
Assessment of diet and beverage intake
A 131-item semiquantitative food frequency questionnaire was used to assess the baseline diet information (22, 23) . Diet information was updated every 4 years thereafter (1990, 1994, 1998, 2002, and 2006) . Every participant was asked how often he had consumed a specific amount of different food items, including 22 beverage items, over the previous year. We calculated nutrient intake by multiplying the reported frequency for the consumption of each food item by the nutrient content of the specified portion size. Food consumption values for nutrients were obtained from the US Department of Agriculture. Total fluid intake was estimated by multiplying the frequency of using each beverage item by serving size and then summing up all of the beverages. Each participant was given a score of fluid intake in milliliters. From 1986 to 2006, 51,508, 38,832, 37,039, 35,252, 32,726, and 29,164 participants filled out the questionnaires every 4 years respectively.
Assessment of nondietary factors
Information on age, weight, height, smoking status, physical activity, medical conditions, and use of medication was collected on the baseline questionnaire and updated biennially. Participants were asked to report detailed information on smoking history, the amount of time since quitting, and the average number of cigarettes smoked per day at different age periods on the baseline questionnaire. We calculated total pack-year of smoking for each participant from all past smoking history.
Ascertainment of cases
On each biennial questionnaire, participants were asked if they had been diagnosed with bladder cancer during the past 2 years. With permission from cases or next-of-kin for the deceased, investigators reviewed the medical records and pathology reports; 87% of the cases were confirmed by medical record review, and the remaining cases were confirmed by obtaining additional data from the cohort member or a surviving family member. Each nonrespondent was called to confirm the initial cancer report and diagnostic date. Cases (based on the TNM classification system; stages carcinoma in situ through Ta-T4) could be included only if a medical record or other sources of confirmation were ascertained. We identified 823 newly diagnosed cases of bladder cancer between February 1986 and January 31, 2008, among whom 482 cases were diagnosed after January 31, 1996.
Statistical analysis
We calculated the person-time of follow-up for each participant from the return data of the baseline questionnaire in 1986 to the date of diagnosis of bladder cancer, the date of death from any cause, or January 31, 2008, whichever came first. Cox proportional hazard regression was used to obtain relative risks and 95% confidence intervals. All models were adjusted for age, pack-years of smoking, current smoking status, geographic region, total consumption of meat, energy intake, and intake of fruit and vegetables.
Three different analysis models with different approaches for handling repeated dietary measurements were used. We examined the association with bladder cancer using current, baseline, and long-term fluid intakes (24) . The approaches for handling repeated dietary measurements were as follows. 1) Fluid intake was ascertained on the basis of the 1986 food frequency questionnaire. 2) Intake of fluid was determined from the most recent questionnaire (e.g., bladder cancer incidence during the 1990-1994 time period was related to fluid intake from the 1990 food frequency questionnaire, and bladder cancer incidence during the 1998-2002 time period was related to fluid intake from the 1998 food frequency questionnaire). 3) All the available questionnaires for each participant were combined during follow-up, and we computed the cumulative average fluid intake using all preceding measurements (e.g., incidence rates during the 1998-2002 time period were related to the average fluid intake from the 1986, 1990, 1994, and 1998 questionnaires). Whenever dietary data were missing for any particular year, data from the previous questionnaire were carried forward. The cumulative average method was used to represent the long-term fluid intake levels of participants, and it also reduces variation within each subject (24) .
We repeated the analysis with data from the most recent 12 years using the 3 different dietary approaches. For the analysis with the baseline diet, the 12-year incidence of bladder cancer was related to the 1986 fluid intake, the 1994 fluid intake, and the cumulative average of 1986, 1990, and 1994 fluid intakes, respectively.
We performed tests for trend for each above model by assigning the median value for each category and modeling this variable as a continuous variable using Cox proportional hazard regression models. All reported P values were 2 sided. Tests for interaction were performed with likelihood ratio tests.
RESULTS
A total of 823 cases of bladder cancer and 924,221 personyears were available for analysis by the end of the 22-year follow-up. Baseline characteristics by quintile of total fluid intake, standardized for age, are shown in Table 1 of the 1999 paper by Michaud et al. (12) . Briefly, men with a higher total fluid intake had a higher body mass index, were more likely to be current smokers, and had greater pack-years of smoking. Intakes of macronutrients were similar among men with different quintiles of total fluid intake. In 1994, men with higher levels of total fluid intake also had higher body mass indexes (20.6 in the top fluid quintile vs. 18.7 in the lowest), were more likely to be smokers (30% in the top fluid quintile vs. 13% in the lowest), and were slightly younger (59.6 years in the top quintile vs. 62.0 years in the lowest).
Both the average amount of water and total fluid intake decreased substantially during the follow-up of the study ( Figure 1 ). The proportion of water out of the total fluid intake decreased from 33.9% in 1986 to 31.0% in 2006 on average. The correlation coefficients from different years ranged from 0.36 to 0.60 for water intake and from 0.37 to 0.60 for total fluid intake (Table 1) , depending on the closeness in time of the measurements. Total fluid intake was inversely associated with bladder cancer when baseline food frequency questionnaire data were used (relative risk (RR) ¼ 0.76, 95% confidence interval (CI): 0.60, 0.97) in a comparison of highest versus lowest quintiles (P trend ¼ 0.01) ( Table 2) . However, the association was no longer apparent when the analysis was based on the most recent diet or the cumulative diet (Table 2 ). In addition, we repeated the analysis for recent diet and cumulative diet using the fixed quintiles based on baseline diet; both results remained null (data not shown).
A total of 482 cases occurred during the recent 12-year follow-up from February 1, 2006, to January 31, 2008. In this analysis, which was completely independent of the initial analysis, there was no evidence that the risk of bladder cancer was associated with total fluid, regardless of the method of analysis (Table 3 ). The relative risk for the highest quintile of fluid intake, compared with the lowest, was 0.88 (95% CI: 0.64, 1.20) using the 1986 baseline diet. Bladder cancer risk increased with higher fluid intake levels when using the 1994 diet, most recent diet, and cumulative diet, although none of the risks was statistically significant ( Table 3 ). All of the risks remained nonsignificant when we repeated the analysis using the fixed quintiles of the 1986 baseline diet (data not shown).
We investigated whether the relation was modified by smoking (Table 4) . Among former smokers, the multivariate relative risk for the highest quintile of fluid intake, compared with the lowest, was 0.73 (95% CI: 0.53, 1.00). The associations were also inverse among never smokers and current smokers, but these were not statistically significant (Table 4 ). There were insufficient cases with current smoking status in 1996 to examine the fluid association in the recent 12-year follow-up period.
We explored whether the increase in age during follow-up was related to the different associations of bladder cancer and total fluid intake from 1986 to 2008. Among the younger men (<65 years), risk of bladder cancer was inversely associated with the baseline fluid intake (Table 5) ; the relative risk for the highest quintile of fluid intake, compared with the lowest, was 0.54 (95% CI: 0.32, 0.91) (P trend ¼ 0.006). There was a suggestive inverse association among the older group (65 years), but it was weaker and not statistically significant (Table 5 ). These findings were attenuated when using the recent diet or the cumulative updated diet. We also 
a The relative risk was adjusted for geographic region (4 regions), age (in 5-year categories), pack-years of smoking (6 categories), current smoking status (smoker or nonsmoker), energy intake (in quintiles), intake of meat (5 categories), and intake of fruits and vegetables (5 categories).
analyzed the recent 12-year data (1996-2008) by age using the 1986 diet questionnaire. A similar trend was observed among younger men (<65 years: RR ¼ 0.60, 95% CI: 0.28, 1.27) for the highest versus lowest quintile of total fluid intake, although only 95 cases were available for this analysis. No association was observed among older men in the 1996-2008 analysis (data not shown). We examined whether the relation was modified by residential region. Total fluid intake was inversely associated with bladder cancer risk among participants from the Northeast (RR ¼ 0.61, 95% CI: 0.36, 1.05) (P trend ¼ 0.04) and the Midwest (RR ¼ 0.47, 95% CI: 0.29, 0.74) (P trend ¼ 0.002) but not for those living in the South (RR ¼ 1.02, 95% CI: 0.64, 1.65) (P trend ¼ 0.74) and the West (RR ¼ 0.87, 95% CI: 0.43, 1.76) (P trend ¼ 0.32) (data not shown). No inverse associations were observed by geographic region when we restricted our analysis to the recent 12-year follow-up period (data not shown).
We investigated if the association was modified by cancer stage at diagnosis (invasive vs. noninvasive). With the baseline diet, the multivariate relative risk for the highest quintile of fluid intake compared with the lowest was 0.78 (95% CI: 0.52, 1.16) for the group with noninvasive cancer and 0.76 (95% CI: 0.52, 1.10) for the group with invasive cancer. The distribution of the stage of bladder cancer at diagnosis was constant over time, with about half of the cases noninvasive throughout the follow-up from 1986 to 2008.
To investigate the possibility that any specific beverage may have a different effect on carcinogenesis, rather than the total volume of fluid intake, we evaluated each specific type of beverage (data not shown). A statistically significant inverse association was observed for water intake (RR ¼ 0.95, 95% CI: 0.91, 0.99) (P ¼ 0.02) for the 240-mL increment. With the exceptions of fruit juices and alcohol, other beverages were also inversely associated with risk; only milk a The relative risk was adjusted for geographic region (4 regions), age (in 5-year categories), pack-years of smoking (6 categories), current smoking status (smoker or nonsmoker), energy intake (in quintiles), intake of meat (5 categories), and intake of fruits and vegetables (5 categories).
intake, however, was statistically significant (P ¼ 0.05). Individual beverages were not associated with bladder cancer in the analysis that included follow-up from 1996 to 2008 (data not shown); the association for water measured at baseline was attenuated (RR ¼ 0.98, 95% CI: 0.93, 1.04) for the 240-mL increment in intake.
Finally, we conducted a sensitivity analysis by removing participants with self-reported chronic diseases that may be related to fluid consumption, including diabetes, renal failure, liver disease, gall stones, and gall bladder removal (reported biennially). The association became stronger using the baseline diet after participants with these conditions were excluded; the multivariate relative risks for the highest quintile of fluid intake compared with the lowest were 0.72 (95% CI: 0.54, 0.96) for the entire follow-up and 0.75 (95% CI: 0.51, 1.08) (P trend ¼ 0.07) for the recent 12-year follow-up (using the baseline diet).
DISCUSSION
A high intake of fluid was associated with a reduced risk of bladder cancer in the original analysis from this cohort (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (12) . In the current updated analysis with an additional 12-year follow-up, the total fluid intake association with bladder cancer was attenuated. Different analyses using updated dietary data and examining different cohort periods did not provide explanations for the attenuation in the association. The consumption of water also contributed to a lower risk of bladder cancer in the analysis from 1986 to 1996; however, as with total fluid intake, the association was attenuated in the current updated analysis.
Three other prospective studies, the Adventist Health Study (25) , the Netherlands Cohort Study (17) , and the European Prospective Investigation into Cancer and Nutrition (18), did not find associations between bladder cancer and total fluid intake. The results from all previous prospective studies are summarized in Table 6 . Case-control studies have found mixed results: 3 of them reported no associations (16, 19, 26) , while others reported inverse (13, 27) or positive associations (14, 15, 28) . Similarly, findings for water consumption and bladder cancer risk are inconsistent; a few previous studies suggested an inverse association (12, 13) , while others found no association (14, 18) or even a positive association (15) . Inconsistencies across studies may arise from different 
a Quintile of total fluid intake was based on the 1986 diet. b For nonsmokers, the relative risk was adjusted for geographic region (4 regions), age (in 5-year categories), energy intake (in quintiles), intake of meat (5 categories), and intake of fruits and vegetables (5 categories).
c For former smokers and current smokers, the relative risk was adjusted for geographic region (4 regions), age (in 5-year categories), pack-years of smoking (6 categories), energy intake (in quintiles), intake of meat (5 categories), and intake of fruits and vegetables (5 categories). study populations and study methods, as well as from different qualities of drinking water in various study areas. Correlations of total fluid intake and water intake between measurements weakened over time ( Table 1 ), suggesting that changes in drinking habits occurred during follow-up. A number of behavioral changes could have impacted drinking habits, including the diagnosis of certain chronic diseases, retirement, and smoking cessation. Three types of repeated dietary measurements were examined in our analysis to capture the information on fluid intake during different time periods. The purpose of obtaining repeated measurements from each participant every 4 years is to track the change of diet over time and to reduce measurement error. The average cumulative diet can reduce measurement error due to intraindividual variation over time (24) . However, if major dietary changes occur over time, then the baseline diet would provide a better measure of earlier exposure.
Fluid intake has been related to bladder carcinogenesis through several possible proposed mechanisms. Bladder cancer may be related to the contact time of the carcinogens with the urothelium. Higher fluid intake results in a higher volume of urination and also increases urination frequency, which likely reduce the contact time and diminish the effect of urinary carcinogens on bladder cancer risk (29) . If fluid dilutes and washes out carcinogens from tobacco smoke, we might expect that fluid intake during the etiologically relevant time period of smoking exposure, which may have occurred decades prior to diagnosis, would incur the greatest benefit.
In the HPFS population, many men smoked before the start of the cohort in 1986, but only a small proportion of the participants continued to smoke during the follow-up. Cumulative exposure to smoking (as measured by pack-years) is one of the strongest risk factors of bladder cancer. Thus, it is possible that we observed an inverse association only with 1986 baseline fluid intake because the earliest diet better captured past exposure information. Furthermore, an inverse association was observed among former smokers when using the baseline diet, which is consistent with our previous observation (i.e., an inverse association was strongest among current smokers in our initial analysis in this cohort) (12) . Our finding suggests that higher fluid intake reduces the risk of bladder cancer during the etiologically relevant time period.
Another mechanism was proposed to explain the increased risk among heavy drinkers of contaminated fluids. The bladder wall extension associated with a high fluid intake may introduce the carcinogens to the deeper layer of the bladder urothelium (30) . Consequently, consumption of water contaminated with bladder carcinogens may increase risk. Chlorination by-products, mainly trihalomethanes, are chemicals that result from the reaction of chlorine with organic substances in water. The most prevalent chlorination by-product is chloroform, which has been proven to be an animal carcinogen (31) . Results from recent epidemiologic studies suggest that bladder cancer could increase with longterm exposure to chlorination by-products (13, (32) (33) (34) . In addition to trihalomethanes, drinking water, especially tap water, can contain other contaminants that may be risk factors of bladder cancer, such as arsenic, metal ions, drug residues, or microcystines (35, 36) . Over the past 20 years, a rapid transition from drinking tap water to bottled water occurred in the United States, with the sales of bottled water tripling since the mid-1990s (37) . The report of a 4-year study of the bottled water industry conducted by the Natural Resources 
a Quintile of total fluid intake was based on the 1986 diet. b The relative risk was adjusted for geographic region (4 regions), age (in 5-year categories), pack-years of smoking (6 categories), current smoking status (smoker or nonsmoker), energy intake (in quintiles), intake of meat (5 categories), and intake of fruits and vegetables (5 categories). Defense Council found major gaps in bottled water regulation and concluded that bottled water is not necessarily safer than tap water, as the public thought (37) . Information on the source of drinking water of our participants was not collected, and therefore we were not able to investigate its impact on bladder cancer in our study. We observed a stronger inverse association among younger participants when we stratified the analysis by age using the baseline diet. At relatively older ages, as accumulation of carcinogenic damage has achieved a certain level in the human body, high fluid consumption might be less protective against additional carcinogenic damage or, alternatively, the reported diet (on questionnaire) might have been less reflective of the earlier diet among older participants.
The amount of total fluid intake may not predict urination frequency among older men because of the enlargement of the prostate, also known as benign prostatic hyperplasia (BPH), which can be symptomatic and cause urinary symptoms, such as increased urination frequency, urgency, and incomplete bladder emptying. BPH is a common age-related process, and it is present in 50%-60% of men in their 60s and increases with age (38) . Participants were asked to respond to questions about history of enlarged prostate and questions on frequency of 7 urinary symptoms, adapted from the American Urological Association Symptom Index (AUASI), to allow for calculation of the lower urinary symptoms score (39) . Excluding men who reported irritative and/or obstructive urinary symptoms and those who were diagnosed with an enlarged prostate or had BPH surgery in our analysis did not change our results.
We observed an inverse association of total fluid intake and bladder cancer in the northeastern and midwestern states. Results from a case-control study conducted in Los Angeles, California, suggested that the association between water intake and bladder cancer was modified by the frequency of daytime urination, with a significant inverse association among those who urinated more than 6 times/day but not among those who urinated less frequently (19) . Another case-control study conducted in Spain suggested a strong protective effect of nocturia on bladder cancer risk (29) . The frequency of urination is partly related to different weather conditions, which may partially explain the geographic differences that we observed. However, as we do not have information on the urination frequency or drinking water quality of our participants, we cannot investigate the reasons for the observed geographic difference.
Our cohort consisted of male health professionals who were predominantly Caucasian. As a result, the generalizability of our finding to female or other racial/ethnic groups is uncertain. For example, a differential risk of bladder cancer related to fluid/water intake by sex has been noticed in some previous studies (15, 19, 26, 40) . Our study is one of the largest prospective studies to investigate the association of fluid intake and bladder cancer with the longest follow-up period. Although it remains unclear whether a generous intake of safe water or fluid prevents bladder cancer at this time, water intake has many other beneficial properties (41, 42) . Future studies examining patterns of fluid intake early in life and subsequent risk of bladder cancer may help to solve the inconsistencies across different studies and within our own population.
